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Little is known about provider accuracy in assessing health literacy and numeracy of 
individuals with diabetes and the effect of incorrect assessment on patient outcomes. We 
conducted a clinic-based study (126 patients, 13 providers) to explore whether there was a 
discrepancy between patient-actual and provider-perceived literacy and numeracy levels 
among those (≥18yrs)  with type 1 (n=59) and type 2 (n=59 ), diabetes, and to test whether 
this discrepancy was associated with worse HbA1c. We used multiple linear regression to 
compare mean HbA1c of patients whose providers overestimated and correctly estimated 
literacy and numeracy using a grade-level and dichotomous literacy and a dichotomous 
numeracy assessment. Literacy was assessed by The Rapid Estimate of Adult Literacy in 
Medicine-Short Form numeracy by the Diabetes Numeracy Test-5. Based on a directed 
acyclic graph and comparison of precision and bias of multiple models, the final models 
were adjusted for insurance (public/private), race (caucasian/other), and education (≤high 
school/≥some undergraduate/≥some postgraduate). 
Providers incorrectly identified 17.8% of patients’ literacy using a dichotomous 
assessment, 24.6% using grade-level assessment, and 54.2% of numeracy. Providers 
overestimated 16.1% of patients’ dichotomous literacy, 11.9% of patient’s grade-level 
literacy, and 46.6% of numeracy. Mean HbA1c was 8.1%. Incorrectly perceived literacy, 
both dichotomous and grade-level assessed, was not associated with a change in HbA1c.  
Patients whose provider incorrectly perceived their numeracy score had, respectively, an 
HbA1c that was on average 0.66% (p=0.03) higher than those whose scores were correctly 
perceived. Further, patients with overestimated numeracy had a 0.68% (p=0.03) higher 
HbA1c than those who had correctly estimated or underestimated literacy. These 
numeracy results were amplified for those with Type 1 diabetes where discordantly 
perceived numeracy was associated with an HbA1c increase of 1.03% (p=0.02) compared 
to correctly perceived numeracy and numeracy overestimation was associated with an 
increase in a1c of 1.15% (p=0.00092) when compared to concordantly perceived and 
underestimated numeracy .  
These findings suggest providers might benefit from accurate knowledge of patients’ 
numeracy and literacy so that appropriate information can be communicated. Future 
research is needed to test effects of changing provider communication to minimize 











Overview of Diabetes 
Diabetes mellitus is a series of diseases in which the body’s ability to metabolize 
glucose is impaired. In 2018, approximately 10.5% of the population, or 34.2 million 
Americans, had diagnosed diabetes, and an estimated 13.0% of U.S adults, 34.1 million 
American adults, had diabetes[1]. There are a variety of different causes of diabetes and 4 
clinical classes: type 1 diabetes, type 2 diabetes, gestational diabetes mellitus, and other 
diabetes type[2]. The two most common types of diabetes are diabetes type 1 and diabetes 
type 2[3]. Type 1 diabetes results from the autoimmune destruction of beta pancreatic cells 
and leads to absolute insulin deficiency. Type 1 diabetes patients typically present with 
elevated blood glucose levels [2]. Type 2 diabetes results from a defect of insulin secretion 
and insulin resistance and is usually diagnosed only once complications arise 
[2].  Management of diabetes typically includes a multidisciplinary consisting of providers 
such as physicians, nurses, certified diabetes educators, dieticians and clinical pharmacists.  
Glycemic control is a fundamental part of diabetes management and can be 
determined by measured glycated hemoglobin or HbA1c [2]. HbA1c is an indirect measure 
of average glycemia and reflects the average glycemia over 2-3 months; it is the main tool 
for assessing glycemic control due to its strong predictive nature of diabetes 
complications[4]. The American Diabetes Association criteria for the diagnosis of diabetes 
is an A1C level 6.5% or above [4]. The A1C goals for individuals with diabetes should be 
individualized based on factors such as disease duration, risks associated with 
hypoglycemia, patient preferences, comorbidities and patient preferences, however, in 
general the A1C goal for nonpregnant adults is less than 7% [4]. For individuals with 
diabetes, A1C control has been associated with a reduction in risk of renal disease, 
retinopathy, neuropathy, and cardiovascular disease [5].  
Using data from the National Health and Nutrition Examination Survey, not having 
health insurance, being single and decreasing age are associated with worse diabetes 
control in adults[6]. Compared to non-Hispanic Whites, worse control was also seen in non-
Hispanic blacks and Hispanic individuals [6].  
 
Health Literacy 
According to the definition used by the Institute of Medicine and the U.S Department 
of Health and Human Services, Health Literacy “is the degree to which individuals have the 
capacity to obtain, process, and understand basic health information” [7]. Although there 
are numerous definitions for health literacy, most definitions expand beyond just 
comprehension of health-related information. Health literacy also encompasses the ability 
to seek and find information, appraise, interpret or evaluate health information, apply and 
apply and communicate health information [8, 9]. Health literacy tends to encompass 
quantitative health literacy, which is known as health numeracy [10].   
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Health literacy is not limited to activities that occur in a healthcare system such as 
understanding a disease or treatment plan, but rather apply to everyday activities such as 
understanding patient rights and responsibilities, comprehending information on consent 
documents, comprehending and making decisions based on food and drug labels, and 
determining the accuracy of and applying health information presented on websites[7]. In 
general, low health literacy is associated with higher rates of hospitalization and is 
predictive of higher patient spending [7]. For individuals with chronic diseases such as 
asthma, hypertension and diabetes,  health literacy is especially important since individuals 
with lower literacy scores have been shown to have worse management of their condition 
and less knowledge of their illness when compared to their higher literacy counterparts 
[11-14].  
According to the U.S National Adult Literacy Survey conducted in 2003, 36% percent 
of adults, approximately 80 million people, have below or below basic health literacy skills 
[15, 16]. Demographic features such as education level, gender,  age, ethnicity, geographic 
location, and income have all been found to be associated with health literacy [17]. 
Specifically, higher education levels are typically associated with higher literacy levels, 
women have been found to have higher health literacy than men, and health literacy has 
been found to decline with age [13, 15, 18]. Non-Caucasian ethnic and racial minorities 
tend to have lower health literacy scores than their Caucasian counterparts. Furthermore 
country nativity has also seen to play a role in health literacy, with higher literacy found 
among members of disadvantaged racial groups who were born in the US as opposed to 
born elsewhere[15]. 
 
Health Literacy and Diabetes  
Health literacy has been found to be especially important for individuals with 
diabetes. Individuals with inadequate literacy have been found to have worse diabetes 
knowledge, higher prevalence of retinopathy, and increased risk of hypoglycemia [12]. Low 
health literacy has also been found to be an independent predictor of poor glycemic control 
[19]. Although the direct causal pathway of low health literacy and diabetes outcomes are 
not clear, it is suggested that literacy is associated with intermediary outcomes such as self-
efficacy and self-care[11, 19-21].  
 
Health Numeracy 
According to the health literacy definition used by the Institute of Medicine and the 
U.S Department of Health and Human Services, numeracy is a specific component of health 
literacy and is defined as “the ability to understand and use numbers in daily life.”[7] Much 
like health literacy, there multiple definitions of health numeracy which tend to encompass 
skills such as computational analysis such as manipulating numbers, analytical abilities 
such as applying data, identifying and making sense of numbers, and understanding 
probabilities and percentages such as prevalence into the definition of health 
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numeracy[10]. Although patient health literacy and numeracy are related, patients who 
have adequate health literacy may nevertheless have low numeracy abilities [15, 22-24].  
Everyday activities such as reading food labels, taking a correct dosage of 
medication, and understanding health risk utilize the skills of health numeracy[24-26]. 
Especially for patients with chronic illnesses, health numeracy plays a vital role in self-
management activities such as interpreting personal health data and administering self-
treatment [25]. In general low health numeracy is associated with poor patient self-
management and intentional and unintentional non-adherence to medication 
instructions[27].  
According to national statistics, numeracy abilities of the population are quite 
limited. The National Assessment of Educational Progress, which assesses mathematical 
knowledge and skill, found that only 25% of 12th graders scored at or above proficiency 
level for mathematics in 2015. The 2003 National Assessment of Adult Literacy included a 
quantitative component which measured survey respondent’s abilities to understand 
numbers and perform computations [15, 16]. Overall, this computational section resulted 
in the lowest level of performance with 22% of adults scoring with below-basic numeracy 
levels while only 14% and 12% of adults scored below basic using the prose and document 
scale, respectively [15].  
Demographic features such as private health insurance, high income, high school 
education, and younger age were found to be associated with higher health numeracy[15, 
28]. Non-Caucasian ethnic minorities are also more vulnerable to having low health 
numeracy [28].  
 
Health Numeracy and Diabetes 
Health numeracy is a skill that is particularly important to diabetes due to its role in 
self-management strategies. Skills such as determining insulin doses, carbohydrate 
counting, and the understanding of blood-glucose trends require an understanding of 
numeracy[19, 29]. For individuals with diabetes, low health numeracy is associated with 




To combat the “silent health epidemic” of low health literacy, national campaigns 
such as the National Action Plan to Improve Health Literacy, the Institute of Medicine’s 
Health Literacy: A Prescription to End Confusion, and Healthy People 2010 and 2020 have 
already been created to increase research and improve the care and outcomes for those 
with low literacy [7, 31-33].  These campaigns call on individual providers to alter their 
patient communication strategies largely by two methods: by either identifying low-health 
literacy and numeracy patients to alter individual patient communication or by changing 
communication strategies for all patients[34].  
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Providers are not always able to accurately assess the literacy level of their patient. 
Studies have shown that providers regularly overestimate the literacy level of their 
patients [35-37]. To help providers screen patients that might potentially have low literacy 
skills, literacy and numeracy screening tools have been made.  Such tools include the Rapid 
Estimate of Adult Literacy in Medicine and the Short literacy survey which mainly focus on 
health literacy and do not include quantitative domains[38, 39]. Other tools, such as the 
Newest Vital Sign and the Test of Functional Health literacy in adults [37, 40] test both 
literacy skills and quantitative skills. There also a number of other disease specific tools for 
screening literacy and numeracy such as the Diabetes Numeracy Test and the Cancer 
Message Literacy Test[41, 42].  
If a patient is identified as potentially having low-literacy and/or numeracy abilities 
providers can then utilize specific communication strategies such as the use of plain 
language, asking open-ended questions, and utilizing the teach-back method which allows 
the patients to rephrase what they heard and allows the providers to ensure that the 
correct message was received which have been suggested to address low literacy[23, 43]. 
Utilizing these communication strategies with low literacy individuals is associated with 
better health outcomes[20].  
However, in general, there is not significant evidence to support clinical screening to 
outweigh the potential harms. Since patients with low literacy report feeling shame over 
their literacy ability and  express discomfort over disclosure of their literacy status to their 
provider and current inadequacies with existing literacy screenings, routine screening for 
health literacy is not suggested [44-47]. Instead, providers are recommended to use the 
universal precautions for health literacy which are focused on making health information 
more accessible to all patients, regardless of literacy level. These precautions encourage the 
use of strategies such as the teach-back methods, the use of graphics, and patient follow up 















QUESTIONS, SPECIFIC AIMS, AND HYPOTHESES 
Although poor literacy and numeracy scores have been shown to be associated with 
poor health outcomes, information regarding health literacy and numeracy are rarely 
shared by the patient to the provider and is rarely asked by the provider[11-14, 18, 19]. 
Although previous studies have shown that providers tend to overestimate the literacy 
levels of their patients, the effects of this literacy overestimation on patient outcomes is 
largely unknown. Furthermore, not much is known about providers’ ability to perceive 
patient’s literacy abilities.  
To address this gap, I collected quantitative and qualitative data from the UNC 
Meadowmont Endocrinology clinic. Since the skills of literacy and numeracy are 
particularly important for diabetes self-management, and poor health literacy and 
numeracy have both been shown to be associated with worse diabetes outcomes—the 
effect of patient-provider literacy and numeracy discrepancies was investigated for 
individuals with diabetes.  
Along with research assistants, we collected data from individuals with either type 1 
or type 2 diabetes and their providers—medical doctors, nurse practitioners, certified 
diabetes educators, and clinical pharmacists—using a series of questionnaires and 
information from the electronic health record. The questionnaires administered to patients 
consisted of two different literacy screeners, a diabetes numeracy screener, and a 
demographic questionnaire which collected data such as the patient’s highest educational 
attainment level to better understand the patient’s literacy and numeracy abilities. Each 
patient’s provider was then asked to estimate their patients literacy and numeracy ability 
following the patient’s visit. Provider and patient discrepancies were calculated by 
comparing the results of the patient’s screener to their provider’s perception HbA1c (%) 
data taken from the patients electronic health records to understand the effects of 
mismatches between provider perception and patient’s screened literacy and numeracy 
scores on glycemic control. The specific questions this study strived to answer, and the 




1. What is the discrepancy between the actual literacy levels of the patient and the 
literacy levels of the patient as perceived by the provider? 
2. What is the discrepancy between the actual numeracy levels of the patient and the 
numeracy levels of the patient as perceived by the provider? 
3. How do discrepancies between patient screened literacy and numeracy levels and 





To address these questions, the research study will investigate three main aims as 
described: 
  
AIM 1: to understand the provider perception of patient literacy and numeracy levels 
a. hypothesizing that providers tend to overestimate the literacy and numeracy levels 
of their patients 
 
AIM 2: to identify if a discrepancy in provider perceived literacy levels translates 
into a difference in HbA1c scores 
a. hypothesizing that low literacy patients will report worse HbA1c scores if their 
provider is unaware of their literacy status 
 
AIM 3: to identify if a discrepancy in provider perceived numeracy levels translates 
into a difference in HbA1c scores 
a. a. hypothesizing that low numeracy patients will report worse HbA1c scores if their 
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Introduction 
Health literacy, defined by the Institute of Medicine and United States Department of 
Health and Human Services as “the degree to which individuals have the capacity to obtain, 
process, and understand basic health information”,  remains a significant problem in the 
United States: the 2003 National Assessment of Adult Literacy found that approximately 90 
million Americans have basic or below basic literacy skills [15, 52]. Among patients with 
diabetes, low health literacy is associated with increased risk of hypoglycemia, worse 
diabetes knowledge, and poor glycemic control, all of which have been linked with adverse 
outcomes [11].   
Generally considered to be a form of health literacy, health numeracy, or the extent 
to which individuals can “access, process, interpret, communicate, and act on numerical, 
quantitative, graphical, biostatistical, and probabilistic health information needed to make 
effective health decisions”  is an even more widespread issue, with more than 110 million 
people having basic or poor quantitative skills [10, 25]. Population health numeracy is of 
particular concern in the context of rising prevalence of diabetes in the United States since 
numeracy skills---interpreting glucose readings, calculating carbohydrate intake, and 
adjusting medication amounts-- are critical to individuals’ ability to implement clinical 
guidelines and meet self-management targets that delay morbidity and improve quality of 
life [21]. Low numeracy scores among individuals with diabetes have been correlated with 
fewer self-management behaviors, lower levels of perceived self-efficacy, and worse 
glycemic control compared to higher numeracy counterparts [19].  
Although low literacy and numeracy scores are shown to be associated with poor 
health outcomes patients rarely share information about their health literacy and 
numeracy with their providers as a result of shame and embarrassment [45, 46]. A few 
studies have also shown that providers tend to overestimate the literacy level of their 
patients  yet the influence of this overestimation on patient outcomes is largely unknown 
[35, 36]. Similarly, for health numeracy, and specifically diabetes numeracy, there is not 
much known about provider perception of numeracy and its implication for health 
outcomes[19, 21]. Without knowledge of the patient’s literacy and numeracy abilities, 
provider communication might be inaccessible and not understood by the patient, which 
may limit the extent to which patients can implement effective self-management practices.   
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The present study therefore aimed to identify the extent of concordance and 
discordance between provider-perceived patient literacy and numeracy scores and the 
directly assess literacy and numeracy scores in a clinic sample of individuals with diabetes. 
This study also aimed to compare the glycemic control of individuals with concordant and 
discordant scores.  
Research Design and Methods  
Participants 
Both patient and provider participants were recruited from a public research-
institution affiliated Endocrinology clinic located in a suburban area in Southeastern United 
States.  Research staff identified eligible participants via the electronic health record (EHR) 
and recruited patients once in the exam room waiting for the provider. Eligible patients 
had type 1 or type 2 diabetes, spoke English, and were over the age of 18. Participants were 
recruited via convenience sampling by research staff who approached eligible participants 
with an informational flyer. Upon completion of the study, participants were compensated 
with a $10.00 gift card.  
Our provider population consisted of 13 providers including medical doctors, nurse 
practitioners, clinical pharmacists, and certified diabetes educators.  
Measures and Methods  
Data collection from participants with diabetes consisted of 3 questionnaires and 
clinical information from EHR. 
A demographic questionnaire was self-administered by participants to collect 
diabetes type (type 1/type2) and educational attainment (≤high school/≥some 
undergraduate/≥some postgraduate).  
The Rapid Estimate of Adult Literacy in Medicine Short form (REALM-SF) was 
administered to assess literacy. REALM-SF is a 7-item word recognition test that is 
validated and has agreement with the 66-item REALM instrument [53]. The total number of 
correctly read words was totaled, ranging from 0-7 with 0 indicating low literacy and 7 
indicating high literacy. The REALM-SF scoring guide was used to identify grade-level 
reading ranges based on raw score which was used to dichotomize a score of 6 and below 
for low literacy and 7 for high literacy [53]. A grade-level REALM-SF score was developed 
by subtracting the REALM-SF screened patient literacy grade level from the provider-
perceived literacy grade level.  
The Diabetes Numeracy Test-5 (DNT-5), a shortened version of 66-item  Diabetes 
Numeracy Test, was administered. Item content focused on topics like nutrition, exercise, 
blood glucose monitoring, and insulin administration [54]. DNT-5 scoring is based on the 
number of correctly answered questions with a higher score corresponding to a higher 
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numeracy level [54]. Recognizing the importance of numeracy in diabetes management, a 
conservative cut off was utilized requiring a patient to answer all 5 questions correctly in 
order to be screened at high numeracy and a score of 4 and below identifying patients as 
at-risk for low numeracy [19, 21, 29].  
Clinical characteristics data were gathered using EHR, including sex (male/female), 
most recent HbA1c, type of insurance plan (public/private), and race(Caucasian/non-
Caucasian). 
  The respective provider who had conducted the appointment was prompted to 
complete a 2-item questionnaire to estimate the literacy and numeracy level of their 
patient directly after the encounter. If a patient was seen by multiple providers, the most 
recent provider to see the patient was asked to complete the questionnaire. Providers 
could estimate numeracy as either “high numeracy” or “low numeracy” and were asked to 
estimate the patient’s literacy according to the REALM-SF grade level options.  
Discrepancies – concordance and discordance between the patient and provider 
literacy and numeracy tests were calculated dichotomously. Concordance was defined as 
the provider’s assessment correctly matching the result of the patient’s questionnaire and 
discordance was defined as provider’s assessment incorrectly matching the patient’s 
questionnaire 
Statistical Analysis 
We used multiple linear regression to compare mean HbA1c of patients whose 
providers overestimated, underestimated, and correctly estimated the patients’ literacy 
and numeracy. Based on a directed acyclic graph and comparison of precision and bias of 
multiple models, the final models were adjusted for insurance, race, and education.  
Results 
 Of the 126 patient participants that were recruited, 121 participants had provider 
assessments completed, and 118 patients had complete data. Table 1 provides a summary 
of the patient’s demographic and clinical data Participants were mostly Caucasian (n=82, 
69.50%), had private insurance (n=65, 55.1%), had some college , bachelors, or associate 
degree education (60.2%, n=71). There was an equal number of patients with Type 1 
(50.0% n=59) and Type 2 diabetes (50.0% n=59). The mean A1C level of the participants 
was 8.08% +/-SD 1.69.  Table 2 provides the A1C levels for concordantly and discordantly 
perceived literacy and numeracy.  
Table 3 shows provider overestimation, underestimation, and correct estimation of 
patient literacy based on the dichotomized and grade-level REALM-SF and the 
dichotomized DNT-5 results. According to the dichotomous REALM-SF the majority of 
patients  had high literacy (n=96, 81.4%) and the majority of providers correctly perceived 
their patients literacy  levels (n=97, 82.2%). Literacy evaluated using the grade-level 
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REALM-SF  (Table 3) largely reinforced the results yielded from the dichotomous REALM-
SF scoring, suggesting a slightly smaller majority of providers (n=89, 75.4%) correctly 
perceived their patients literacy levels and a larger minority of patients with 
underestimated literacy (12.7 % vs. 1.7% as captured by the dichotomous REALM-SF 
specification). Using the DNT-5, most patients had low numeracy (n=60, 50.8%) and 
providers largely incorrectly perceived the numeracy of more than half of patients (n=64, 
54.2%). 
The results of the adjusted linear model are shown in Table 4. Using both REALM-SF 
dichotomous (95% CI:-0.67,0.98, p=0.72) and grade-level (95% CI: -0.41,1.43, p=0.28) 
classifications, discordantly perceived literacy was associated with no change in HbA1c 
scores. However, using the REALM-SF grade-level, overestimation of patient literacy was 
found to be associated with an increase in HbA1c score of 1.56% (CI:0.63,2.49, p=0.001).  
Patients with discordantly perceived numeracy had a HbA1c level that was on 
average 0.66% higher than those with concordantly perceived numeracy (95% CI: -
0.64,1.67, p=0.03, ). Overestimation of patient numeracy abilities was associated with a 
HbA1c level on average 0.68% higher than those with concordantly perceived or 
underestimated numeracy levels (95% CI: 0.06,1.31,p=0.03).  
Table 5 displays these results stratified by individuals with type 1 and type 2 
diabetes for numeracy.  Participants with type 1 diabetes with discordantly perceived 
numeracy had an HbA1c that was on average 1.03% (95% CI= 0.20, 95% 1.9, p=0.02) 
higher than those with concordantly perceived or underestimated numeracy indicating a 
stronger association particularly for those with type 1 diabetes than those with type 1 and 
type 2 diabetes combined. Additionally, the provider’s overestimation of numeracy for 
individuals of type 1 diabetes was associated with an increased A1c of 1.15% (CI=0.29, 
95% 2.02, p=0.00092). 
There was no difference in HbA1c for participants with type 2 diabetes with 
discordantly perceived (95% CI=-0.71, 1.07, p=0.68) and overestimated (95% CI= -
0.59,1.12, p=0.54)  their numeracy scores when compared to concordantly perceived and 
correct or overestimated numeracy, respectively.  
Discussion 
This study aimed to understand if discordance in provider perception of patient 
literacy and numeracy existed and if it was associated with worse glycemic control. While 
provider literacy discordance was not found to be associated with a change in HbA1c, 
provider overestimated literacy using a grade-level literacy assessment was found to be 
associated with an increase in HbA1c. Discordantly perceived numeracy and overestimated 
numeracy were found to be associated with an increase in HbA1c, of 0.66% and 0.68% 
respectively. In particular, the effects of discordant numeracy perception were amplified 
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for individuals with type 1 diabetes, with numeracy discordance and overestimation 
associated with a 1.03% and 1.15% increase in HbA1c, respectively.  
 
Health literacy findings 
Despite previous research indicating that providers tend to overestimate the 
literacy levels of their patients, the results from this study suggest that providers were 
quite accurate at perceiving the literacy level of their patients, with 88.2% of providers 
correctly perceiving their patient’s literacy level [35, 36]. This divergent finding from our 
study compared to previous studies could be due to the increased provider familiarity with 
the patients in this study, the tools used to measure literacy, and sample patient 
population.    
There was no difference in HbA1c between those who had concordant and 
discordant provider perceived literacy using the dichotomous REALM-SF. However, using 
grade-level REALM-SF, provider overestimation of literacy was found to be associated with 
higher a1c when compared to concordant and overestimated literacy. The association 
between low literacy levels and worse glycemic control along with the findings from this 
study regarding literacy overestimation and glycemic control possibly suggest the need for 
further provider training to properly identify low literacy patients [11, 12].  
 
Health Numeracy findings  
The findings indicate the providers had difficulty with estimating the numeracy 
levels of their patients, with 55.2% of providers incorrectly perceiving patient numeracy 
levels. This study also suggests that a large percentage of the patient population, 50.8% 
screened for low numeracy.  Since numeracy skills are especially important to diabetes 
self-management, these findings illustrate a need for providers to focus on assessing the 
numeracy levels of their diabetes patients [11, 19]. 
 The observed association of discordant numeracy perception and glycemic control 
were amplified for patients with type 1 diabetes when compared to the impact of 
concordant perception of combined type 1 and type 2 diabetes patients. This finding is 
especially concerning given the relatively complex nature of diabetes type 1 self-
management, which can include literacy and numeracy skill-based tasks such as carb 
counting based on nutrition labels and insulin dosing [29].  
The findings are relevant to all the multidisciplinary providers part of a patient’s 
diabetes care team. Using a 0.5% change in HbA1c as a clinically meaningful cutoff point, 
the effect of a discrepancy between provider-perceived and patient screened in numeracy 
is considerable. The association between discordant numeracy perception and change in 
HbA1c was largest for individuals with type 1 diabetes; discordant numeracy perception 
and overestimation were associated with differences in Hba1c of 1.03% and 1.15%, 
respectively. These findings suggest that low numeracy individuals with Type 1 diabetes 




Clinical practice implications 
It is unrealistic to expect providers to exactly assess the grade-level reading of their 
patients as suggested by using the REALM-SF grade-level cutoff, however the differing 
glycemic effects of considering a grade-level versus a dichotomous cutoff prove to be 
important. Overestimation of patient literacy ability is found to have a significant 
association with HbA1c scores only when utilizing a grade-level cutoff which suggests that 
providers have a particularly hard time identifying individuals who have the lowest literacy 
abilities. The clinical relevance of this association, where on average, individuals with 
overestimated literacy have a 1.56% higher HbA1c than those with correctly estimated 
literacy scores even after adjusting for important socioeconomic confounders, is especially 
concerning.  
 While screening for patient literacy is largely discouraged due to the possible harm 
of patient shame, the magnitude of the association between discordant provider 
perception, especially for numeracy, and patient glycemic control observed in our study, 
after controlling for social and clinical confounders (race, insurance type, highest attained 
education, type of diabetes) suggests the need for future investigation of the potential 
benefits versus harms of screening [44, 46, 47]. These findings also support further 
provider education on strategies for effective communications such as the universal 
precautions for health literacy which suggests strategies, such as the teach-back method, 
which can benefit all patient populations[17]. Specifically, the high percentage of low-
numeracy individuals suggest a need for more patient education to bolster these skills and 
the high percentage of discordantly perceived numeracy suggests the need for further 
provider education regarding communicating and identifying patients with low numeracy.  
Although beyond the scope and sample size limitations of this study, further 
research should examine the importance of magnitude of discrepancy, specifically for those 
with the lowest literacy and numeracy abilities.  
Sample size limitations 
Our study population was modest with a total number of 126 patient’s participation 
and 118 patients-provider pairs with complete data. Individuals excluded from the 
adjusted models due to missing data did not appear to vary significantly from the study 
sample, and bias from missing data of less than <5% of study participants is expected to be 
minimal. 
 
There may have been selection bias contributing to a limited amount of low literacy 
individuals being captured since potential participants were notified of the literacy 
questionnaire prior to consenting. It is possible that those with the lowest literacy in the 
clinic population are more impacted by discordant literacy perceptions[14]. The absence of 
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these individuals may have yielded underestimates of the association between literacy 
discordance and HbA1c and might have inflated the percentage of concordance in literacy 
perception. The selection criteria used also contributes to both selection and confounding 
bias by potentially excluding the patients of lowest educational attainment and 
socioeconomic status, since only patients seen at the clinic were sampled.  Our concern 
about the implications of these missing patients are limited since 44.9% of our sample 
population consisted of patients with public insurance.  
 
Limitations from pre-existing relationships 
Pre-existing provider-patient relationships might have inflated our estimates of 
provider concordance and may have confounded the association with glycemic control 
since most patients in the study had a pre-existing relationship with their provider. 
Frequency of contact with providers could both influence provider perception and patient 
HbA1c outside of the pathway through which correct perception of literacy or numeracy 
affects glycemic control. However, despite the potential advantage, there is a non-negligible 
proportion of discordance in provider perception, especially for numeracy, which limits 
our concern of the implications of pre-existing relationships.  
 
Questionnaire limitations 
The DNT-5 was administered as the final test. Due to time constraints or fatigue, 
patients might have rushed to complete this section. A conservative cut off for 
dichotomization was also used, requiring a patient to answer all 5 questions correctly to be 
screened at high numeracy. Both these factors could exaggerate the magnitude of the 
numeracy discordance.  
However, dichotomizing a high score of 4 and above resulted in largely the same 
results (β=0.64, p=0.05), showing that even when allowing for poorer patient performance, 
our results demonstrate an association between discordant numeracy perception and 
poorer patient HbA1c as compared to those with concordant provider perception. 
The timing of provider questionnaires may have deflated provider concordance 
since a few providers completed the survey days after the visit as opposed to directly after 
the patient encounter.  
 
In addition to the biases enumerated above, our generalizability limitations include 
of having one single clinical site represented in our study results, including returning (not 
new) patients, and non-representative study sample population of the United States. 
Despite these limitations, this study found a clinically relevant association between 
a1c and overestimated provider perception of literacy using the grade-level REALM-SF and 
discordantly perceived and overestimated numeracy when adjusting for key 
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Table 1: Demographic Characteristics, Literacy and numeracy levels, along with 

























*REALM-SF is a 7-item literacy screener, a score of ≥6 was considered high literacy and <6 was low literacy 















Characteristic  N  % Mean  SD 
Total Participants  118  8.08 1.71 
HbA1C     
Sex 118    
Male 58 49.2   
Female 60 50.8   
Race 118    
Caucasian/White 82 69.5   
Non-Caucasian/White 36 30.5   
Insurance Type 118    
Private 65 55.1   
Public 53 44.9   
Diabetes Type 118    
Type 1 59 50.0   
Type 2 59 50.0   
Highest Education Attained 118    
 High school degree and lower 17 14.4   
Bachelors, Associates, or some college 71 60.2   
More than a college degree 30 25.4   
REALM-SF* 118    
Patient screened high Literacy 96 81.4   
Patient screened low Literacy 22 18.6   
DNT-5** 118    
Patient screened high numeracy 58 49.2   
Patient screened low numeracy 60 50.8   
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TABLE 2. Matched patient-measured (high/low) and provider-perceived (high/low) 





*The DNT-5 is a 5-item measure of diabetes numeracy, a score of 5 was considered high numeracy and ≤4 was low 
numeracy 






TABLE 3. Number and Percentage of Patient Participants whose Literacy (REALM Grade-level 
and REALM Dichotomous) were correctly estimated, underestimated, or overestimated by 
providers 
*The DNT-5 is a 5-item measure of diabetes numeracy, a score of 5 was considered high numeracy and ≤4 was low 
numeracy 
**REALM-SF is a 7-item literacy screener, a raw REALM-SF score of ≥6 was considered high literacy and <6 was low 
literacy 
*** The grade-level REALM-SF score was developed by subtracting the REALM-SF screened patient literacy grade level 







  DNT-5*  
  Provider  
  Low   High  
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  REALM-SF**  
  Provider  
  Low  High  
 Low          






          
          






    
      






    
Correct perception  54 (45.8%) 97 (82.2%) 89 (75.4%) 
Overestimation  55 (46.6%) 19 (16.1%) 14 (11.9%) 
Underestimation  9 (7.6%) 2 (1.7%) 15 (12.7%) 
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TABLE 4. Associations Between correct perception, overestimation or 
underestimation of literacy or numeracy and difference in HbA1c (%) adjusted for 
race, insurance type, highest education level attained, and diabetes type 
*REALM-SF is a 7-item literacy screener, a grade-level REALM-SF score was developed by subtracting the REALM-SF 
screened patient literacy grade level from the provider-perceived literacy grade level 
** A raw REALM-SF score of ≥6 was considered high literacy and <6 was low literacy 




TABLE 5. Effect of correct perception and overestimation of numeracy by type of 
diabetes and difference in HbA1c (%) adjusted for race, insurance type, highest 
education level attained 
 
Estimation  % difference in 
HbA1c 
p-value 
Type 1 Diabetes 
DNT-5 Dichotomous*   
Discordant vs. Concordant perception 1.03 (0.20,1.9) 0.02 
Overestimation vs. correct perception or underestimate 1.15 (0.29,2.02) 0.00092 
Type 2 Diabetes 
DNT-5 Dichotomous   
Discordant vs. Concordant perception 0.27 (-0.59,1.12) 0.54 
Overestimation vs. correct perception or underestimate 0.19 (-0.57,0.98) 0.61 









% difference in 
HbA1c 
p-value 
REALM-SF Grade-level*   
Discordant vs. Concordant perception 0.51 (-0.41,1.43) 0.278 
Overestimation vs. correct perception or underestimate 1.56 (0.63, 2.49) 0.001 
REALM-SF Dichotomous**   
Discordant vs. Concordant perception 0.15(-0.67,0.98) 0.72 
Overestimation vs. correct perception or underestimate  0.14 (-0.72, 1.00) 0.74 
DNT-5 Dichotomous***   
Discordant vs. Concordant perception 0.66 (-0.64,1.67) 0.03 
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 The data presented in the previous manuscript section represents the data from this 
study that was deemed the most relevant and appropriate for clinical application. However, 
additional data was collected and analyzed as part of this study. An ANOVA test was run to 
determine if any of the quadrants from table 2 varied as a cursory analysis of the data. 
Based on these results, linear regressions were used to better characterize the association 
between provider-discrepancy and glycemic control. To understand if there was provider 
bias in the perception of patient literacy and numeracy across race and socioeconomic 
status (using insurance type as a proxy for socioeconomic status), conditional frequency 
tables were generated. In addition to the REALM-SF, another literacy screener was used 
with patients, the single literacy screener. Two different literacy screeners were chosen to 
identify which screener would be the most useful in clinical practice.  
 
 Aggregated Data 
For both the REALM-SF and DNT-5 tables, an ANOVA test followed by a tukey 
analysis was run to identify if any of the quadrants significantly varied from the others. 
 No significant differences quadrants were found for the differences between 
REALM-SF quadrants. For the DNT-5 quadrants, the patient high/ provider high quadrant 
was found to be significantly different from the patient low/ provider low and patient 
low/provider high (Table 6). These results are consistent with the literature since low 
numeracy is associated with worse glycemic control[12, 19].   
The patient-provider discrepancy data was disaggregated by race and insurance 
status (Table 7) to identify any potential bias in provider perception. Although it appears 
that patient literacy misidentifications varied by race, especially since large percentage of 
non-Caucasian individuals had their literacy abilities underestimated, only 1 Caucasian and 
1 non-Caucasian individual was underestimated. This effect of this underestimation is 
amplified due to the smaller percentage of the sample population that was non-Caucasian. 
The percentages of provider-perception did not seem to vary greatly based on race or 
insurance however the small sample size of this study population limits the conclusions 
that can be made from this data. 
 
Short Literacy Survey Results  
In addition to the REALM-SF, another literacy survey, the Short Literacy Survey 
(SLS), was administered. Unlike the REALM-SF which screened for literacy based on the 
patient’s ability to successfully answer the questions, the SLS focuses on self-perceived 
literacy levels and asks the patient to rate their comfort with various health literacy related 
tasks, such as understanding medical forms [39]. The Short Literacy Survey was developed 
and validated against the existing Short Test of Functional Health Literacy in Adults health 
literacy tools [39].This test was administered by the research assistant who read the 
questions aloud. The scoring of the SLS is based on assigning a value from 1-5 to the Likert 
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scale answer options. The answers to all three questions were summed up to determine a 
SLS score which ranges from 3 to 15, with a lower score indicating lower health literacy 
[39].  
The literacy scores from the SLS was dichotomized such that a score of 15 indicated 
high health literacy and a score of 14 and below indicated low health literacy. This 
relatively stringent cut-off point was determined to be the most conservative and identify 
all possible patients who would be possibly at risk of having low literacy. Based on the 
association of low literacy with worse diabetes outcomes such as worse glycemic control, a 
strict cut-off was chosen[11, 23].  
The results of the adjusted linear model are shown in Table 11. Patients whose 
literacy levels were incorrectly perceived and overestimated was associated with a HbA1c 
level that was 0.53% higher than those whose high numeracy was properly identified 
(p=0.03, CI:-0.05,1.12 and p=0.03, CI:-0.06,1.13). For patients with type 1 diabetes, an 
incorrect provider perception and provider overestimation was associated with a 0.44% 
higher HbA1c level (p=0.14, and CI:-0.21,1.47 for incorrect perception and CI: -0.22,1.48 for 
overestimation). Incorrect provider perception and provider overestimation were not 
found to be significantly associated with HbA1c. These findings suggest a further need for 
the implementation of literacy screening strategies or universal communication strategies. 
Ultimately, the SLS data was excluded from the study since the REALM-SF is a more widely 
used tool[53].  
 
Future Implications 
Future studies should further investigate the association between provider 
misperception of numeracy and literacy and glycemic control. This study initially tried to 
understand how provider misperception of literacy and numeracy levels varied across 
provider type since different providers, such as a certified diabetes educator, might spend 
more time with the patient and actually have quite an accurate understanding of the 
patients abilities. However, we were unable to recruit a significant number and variety of 
providers. Although all providers should utilize universal precautions for health literacy 
and numeracy, a better understanding of which provider types need to most guidance can 
help educators and policy makers better implement targeted policies and interventions to 
help improve communication strategies.  
The literacy measures used in this study, the REALM-SF and SLS, were not inclusive 
of all the skills inclusive in health literacy. Although both the REALM-SF and the SLS are 
validated tools which are clinically appropriate due to the minimal amount of time it takes 
to administer, they do not require the patient to utilize any comprehension-based or 
analytical skills. A future study might utilize other screening tools such as the Newest Vital 




Tables from concluding thoughts 







Low/low vs high/high 2.40 (0.42,4.37) 
Low/high vs high/high 1.00 (0.17,1.82) 
 
TABLE 7. Numeracy and literacy misidentification, overestimation, and 
underestimation by race (Caucasian/non-Caucasian) and insurance type 
(public/private) 






Numeracy     
Misidentification vs correct 
identification 
53.7% 55.6% 61.5% 45.3% 
Overestimation vs. correct 
identification 
47.6% 44.4% 55.4% 35.9% 
Underestimation vs correct 
identification 
6.1% 11.1% 6.2% 9.4% 
Literacy     
Misidentification vs correct 
identification 
9.7% 36.1% 15.4% 20.3% 
Overestimation vs. correct 
identification 
1.2% 2.8% 13.8% 18.9% 
Underestimation vs correct 
identification 








TABLE 8. Effect of correct perception and overestimation of literacy using the SLS 
literacy screener and difference in HbA1c (%) adjusted for race, insurance, diabetes 
type, and highest educational level attained 
Estimation  % difference in 
HbA1c 
p-value 
Type 1 and Type 2 Diabetes    
Correct perception vs. incorrect perception 0.53 (-0.05,1.12) 0.03 
Overestimation vs. correct perception or underestimation 0.53 (-0.06,1.13) 0.03 
Type 1 Diabetes    
Correct perception vs. incorrect perception 0.63 (-0.21,1.47) 0.14 
Overestimation vs. correct perception or underestimation 0.63 (-0.22,1.48) 0.14 
Type 2 Diabetes    
Correct perception vs. incorrect perception 0.44 (-0.40,1.27) 0.30 
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